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)LJXUH5HIOHFWDQFHVSHFWUDDRIWKHFROORLGDO3K&UHFRUGHGGXULQJWKHHORQJDWLRQWHVWDQGEH[SHULPHQWDOUHODWLRQVKLSEHWZHHQ
EDQGJDSZDYHOHQJWKDQGVWUDLQ
,IWKHPD[LPXPUHIOHFWDQFHSHDNFDQEHUHVROYHGZLWKDQDFFXUDF\RIQPWKLVFRUUHVSRQGVWRLQVWUXPHQWDOUHVROXWLRQ
RIDERXWİ6XFKDUHVROXWLRQLVDFFHSWDEOHIRUDSSOLFDWLRQVZKHUHWKHVWUDLQWREHPHDVXUHGLVDIHZSHUFHQW7KH
ODWWHUFLUFXPVWDQFHWKRXJKZRXOGLQYDOLGDWHWKHDVVXPSWLRQRIJHRPHWULFOLQHDULW\QDPHO\LQILQLWHVLPDOVWUDLQVDQGDOVR
WKHPDWHULDOUHVSRQVHZRXOGDWWKHYHU\OHDVWEHQRQOLQHDUO\HODVWLF1RQHWKHOHVVVXFKDFFXUDF\LVDFWXDOO\QRWVXIILFLHQW
IRUFLYLODQGPHFKDQLFDOHQJLQHHULQJDSSOLFDWLRQVZKHUHRIWHQWLPHVWKHPDWHULDOVLQYROYHGLQWKHPRQLWRULQJDUHVWHHODQG
FRQFUHWHDQGVRZKHUHDVWUDLQUHVROXWLRQWKHRUGHURIİLVW\SLFDOO\UHTXLUHG
(TXDWLRQVXJJHVWVWKDWWKHUHVROXWLRQLVHDVLO\LPSURYHGE\LQFUHDVLQJWKHFU\VWDOLQWHUSODQDUVSDFLQJIRUH[DPSOHE\
FKDQJLQJWKHVL]HRIWKHEHDGVDQGRUE\PXOWLSO\LQJWKHVZHOOLQJLQILOWUDWLRQF\FOHV+RZHYHUWKLVZLOOUHVXOWLQDFU\VWDO
ZKLFKGRHVQRWZRUN LQ WKHYLVLEOH UDQJH6XFKDGHYLVHKDV WKHQ WREH LQWHUURJDWHGH[FOXVLYHO\ ZLWK LQVWUXPHQWDWLRQ
WKHUHE\ORVLQJWKHIHDWXUHWKDWPDNHVLWDSSHDOLQJIRUPRQLWRULQJDSSOLFDWLRQV

),1,7(',))(5(1&(7,0('20$,16,08/$7,216$1'&203$5,621:,7+7+(
(;3(5,0(17$/5(68/76

,QWKLVVHFWLRQZHSURYLGHDFRPSXWDWLRQDODSSURDFKQRWRQO\IRUYDOLGDWLQJRXUH[SHULPHQWDOUHVXOWVEXWDOVRIRUEHWWHU
XQGHUVWDQGLQJWKHEHKDYLRURIWKLVKLJKO\FRPSOH[SK\VLFDOV\VWHPDQGSDYHWKHZD\WRWKHGHVLJQRILQQRYDWLYHSKRWRQLF
VHQVRUV
:HHPSOR\HGRQHRIWKHPRVWSRSXODUWHFKQLTXHIRUWKHVROXWLRQRIHOHFWURPDJQHWLFSUREOHPVWKH)LQLWH'LIIHUHQFH7LPH
'RPDLQ)'7',WKDVEHHQVXFFHVVIXOO\DSSOLHGWRDQH[WUHPHO\ZLGHYDULHW\RISUREOHPVVXFKDVVFDWWHULQJIURPPHWDO
REMHFWV DQG GLHOHFWULFV DQWHQQDV PLFURVWULS FLUFXLWV DQG HOHFWURPDJQHWLF DEVRUSWLRQ LQ WKH KXPDQ ERG\ H[SRVHG WR
UDGLDWLRQ7KHPDLQUHDVRQRIWKHVXFFHVVRIWKH)'7'PHWKRGUHVLGHVLQWKHIDFWWKDWWKHPHWKRGLWVHOILVH[WUHPHO\VLPSOH
HYHQIRUSURJUDPPLQJDWKUHHGLPHQVLRQDOFRGHZKLFKLVRXUFDVH
+DYLQJD'FRGH LVDNH\DVSHFW IRUJRYHUQLQJ WKHPXOWLSK\VLFVRIRXUH[SHULPHQWVPHDQLQJ WKHFRPELQDWLRQRI WKH
PHFKDQLFVDQGWKHOLJKWLQWHUDFWLRQZLWKPDWWHU
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7KH)'7'PHWKRGZRUNVZKHQWKHILHOGHTXDWLRQVRIWKH,QLWLDO%RXQGDU\9DOXHSUREOHPDUHZULWWHQLQWKHLUVWURQJIRUP
,QGHHG WR VROYH DQ HOHFWURPDJQHWLF SUREOHP WKH LGHD LV WR VLPSO\ GLVFUHWL]H ERWK LQ WLPH DQG VSDFH WKH 0D[ZHOO¶V
HTXDWLRQVZLWKFHQWUDOGLIIHUHQFHDSSUR[LPDWLRQV
2XUJURXSKDVDOUHDG\YDOLGDWHGWKLVQXPHULFDOPHWKRGLQVHYHUDORWKHUSDSHUV>@ZULWLQJRXURZQFRGHLQRUGHU
WREHWWHUUHSUHVHQWWKHSK\VLFVRIWKHSUREOHPLQYROYHG
,QWKLVSDSHUWKHPRGHOHGSKHQRPHQRQLVWKHSURJUHVVLYHGLVSODFHPHQWRIWKH36VSKHUHVLQVLGHWKH3'06PDWUL[WKDW
UHSUHVHQWVDSSUR[LPDWHO\ZKDWKDSSHQVWRWKHGHYLFHGXULQJRXUH[SHULPHQWV$WHDFKVWHSWKDWVWDQGVIRUWKHSRVLWLRQ
UHDFKHGE\WKHVSKHUHVGXULQJWKHGHIRUPDWLRQRIWKHVDPSOHWKHH[FLWLQJVLJQDOLVDOLQHDUO\SRODUL]HGSODQHZDYHSXOVH
LQMHFWHGRQWKH)'7'JULGE\PHDQVRI
WKHVRFDOOHGWRWDOILHOGVFDWWHUHGILHOG7)6)PHWKRGWKDWUHSUHVHQWVWKHPRQRFKURPDWLFOLJKWEHDP
7KHSDUDPHWHUVIRUWKHPRGHODUHWDNHQWKHVDPHDVWKHRQHVGHVFULEHGLQVHFWLRQEXWZLWKWKHVLPSOLI\LQJDVVXPSWLRQ
RIQRQDEVRUELWLYHPDWHULDOVDQGQRVXEVWUDWHXQGHUWKHFU\VWDO7KHODWWHUKDVDILQLWHGLPHQVLRQLQWKH]GLUHFWLRQPHDQLQJ
SODQHVDQGLWLVLQILQLWHLQWKH[DQG\GLUHFWLRQV
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











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
)LJXUH5HIOHFWDQFHVSHFWUDDRIWKHFROORLGDO3K&UHFRUGHGGXULQJWKHHORQJDWLRQWHVWRIDQGERIWKHQXPHULFDOVLPXODWLRQV
$VVKRZQLQ)LJDFKDQJH LQ WKHUHIOHFWDQFH LVREVHUYHGDWHYHU\SURJUDPPHGVWHS LQZKLFKZHYDU\ WKHGLVWDQFH
EHWZHHQWKHVSKHUHVWKDWPHDQVYDU\LQJWKHODWWLFHFRQVWDQWRIWKHFU\VWDOVWUXFWXUHWKHYDOXHVRIWKHGLVWDQFHEHWZHHQWKH
VSKHUHV LV OLVWHGDW WKH VLGHRI WKHJUDSKD$FKDQJH LQ WKLV ODWWHUSDUDPHWHUPHDQVD FKDQJH LQ WKHJHRPHWU\RI WKH
QDQRVWUXFWXUHGGHYLFHZKLFKGLUHFWO\LPSDFWRQWKHILOOLQJIDFWRUWKDWLQWXUQDVVKRZQLQIRUPXODLPSOLHVDFKDQJH
LQWKHHIIHFWLYHUHIUDFWLYHLQGH[
7KHHIIHFWLYHUHIUDFWLYHLQGH[SOD\VDNH\UROHLQWKHSURFHVVRIXQGHUVWDQGLQJWKHEHKDYLRURIWKLVNLQGRIVWUXFWXUHDQGLW
LVWKHFDXVHRIVHYHUDOFKDUDFWHULVWLFRQERWKWKHH[SHULPHQWDODQGQXPHULFDOVSHFWUD
&RPSDULQJWKHQXPHULFDOUHVXOWVZLWKWKHH[SHULPHQWDORQHVZHVHHDQDJUHHPHQWEHWZHHQWKHEHKDYLRURIWKHVLPXODWHG
VWUXFWXUHDQGWKHUHDOVDPSOH,QIDFWGXULQJWKHGHIRUPDWLRQRIWKHVDPSOHVWDUWLQJIURPDUHIHUHQWLDOLQLWLDOFRQILJXUDWLRQ
LQZKLFKWKHFU\VWDOLVVZHOOHGVRWKHGLVWDQFHEHWZHHQWKHVSKHUHVLQWKH]GLUHFWLRQLVPD[LPXPLQERWKFDVHVWKHUHLVD
VKLIWLQWKHUHIOHFWHGZDYHOHQJWKIURPWKHKLJKHUWRWKHORZHURQHV7KLVHIIHFWLVLQDJUHHPHQWZLWKWKHVWDWHPHQWH[SUHVVHG
LQIRUPXOD,QWKHQXPHULFDOPRGHOWKHVZHOOHGFRQILJXUDWLRQFRUUHVSRQGVWRWKHPD[LPXPYDOXHRIWKHODWWLFHFRQVWDQW
PHDQLQJDSSUR[LPDWHO\QP7KLVVKLIWVKRZVDOVRDGHFUHDVHLQWKHLQWHQVLW\QRQHWKHOHVVWKHSRVLWLRQSHDNLVDOPRVW
LGHQWLFDO
7KHGHFUHDVHLQWKHUHIOHFWLRQLQWHQVLW\LVSURSRUWLRQDOWRWKHUDWLREHWZHHQWKHGLIIHUHQFHRIWKHUHIUDFWLYHLQGH[RIWKH
PDWHULDOV ZKLFK LVDVVXPHG WREHFRQVWDQW LQ WKHPRGHODQG WKHHIIHFWLYHUHIUDFWLYH LQGH[DV VKRZQLQ WKH IROORZLQJ
IRUPXOD>@
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 ܫ ן ௱௡௡௘௙௙ 
7KLVGHPRQVWUDWHVWKDWWKHHIIHFWLYHUHIUDFWLYHLQGH[LVFKDQJLQJGXHWRWKHFKDQJHLQWKHYROXPHIUDFWLRQRIWKHV\VWHPDV
LWZDVKLJKOLJKWHGDERYH6XFKDYROXPHIUDFWLRQIRUWKH)&&ODWWLFHFDQEHHYDOXDWHGDVIROORZV>@
 ݂ ൌ ଶగଷ ௗయ௔య 
ZKHUHdLVWKHGLDPHWHURIWKHVSKHUHVDQGaLVWKHODWWLFHSDUDPHWHUa=d111ξ͵
$SRVVLEOHH[SODQDWLRQIRUWKHIDFWWKDWLQWKHH[SHULPHQWVWKHLQWHQVLW\GHFUHDVHVIDVWHULVWKDWLQWKHFDOFXODWHGQXPHULFDO
UHIOHFWDQFHWKHDEVRUEHGSRZHUKDVEHHQQHJOHFWHGEHFDXVHRIWKHDVVXPSWLRQRIQRQDEVRUELWLYHPDWHULDOVLQRWKHUZRUGV
QHJOHFWLQJWKHLPDJLQDU\FRPSRQHQWRIWKHUHIUDFWLYHLQGH[
7KHDV\PPHWU\LQWKHVKDSHRIWKHUHIOHFWLRQVSHFWUDLQWKHH[SHULPHQWVLVGXHWRWKHFUDFNVWKDWDUHSUHVHQWLQWRWKHVDPSOH
>@7KHHIIHFWVRIWKLVNLQGRIGHIHFWVLVXQDYRLGDEOHZKLOHPHDVXULQJVLQFHWKHLOOXPLQDWHGDUHDLVPXFKODUJHUWKHXQLW
DUHPLOOLPHWHUVVTXDUHGWKDQWKHGRPDLQZLWKRXWWKHPRIWKHRUGHURIPLFURPHWHUV7KRVHFUDFNVZKLFKDULVHVGXULQJ
WKHGU\LQJSURFHVVRI WKH3K&ILOPVDUHQRWHQWLUHO\DYRLGDEOHDQGVRPHRWKHUJURXSVDUHZRUNLQJRQ WKLV IDEULFDWLRQ
SUREOHP>@
,QWHUPVRIPRGHOLQJWKHSUHVHQFHRIVXFKGLIIXVHSRSXODWLRQRIQDQRFUDFNVZRXOGHQWDLOWKHXVHRIDQDGYDQFHGDSSURDFK
ZKLFK IRU QRZ LV EH\RQG WKH VFRSH RI WKLV UHVHDUFK DV D PXFK GHHSHU FKDUDFWHUL]DWLRQ RI WKH PDWHULDOV IRUPLQJ RXU
FRPSRVLWHZRXOGEHUHTXLUHG
7KHVKDSHRIWKHH[SHULPHQWDOVSHFWUDFKDQJHVDOVRZLWKWKHDSSOLHGVWUDLQVKRZLQJDEURDGHQLQJRILW7KLVEHKDYLRULV
SUREDEO\GXHWRWKHFRH[LVWHQFHRIWZRSKHQRPHQDWKDWKDSSHQGXULQJWKHGHIRUPDWLRQRIWKHVDPSOHWKHRSHQLQJRIWKH
FUDFNVGHVFULEHGDERYHDQGDQLQKRPRJHQHRXVGLIIHUHQWLDOGLVSODFHPHQWRIWKHGLIIHUHQWSODQHVRIWKHFU\VWDO7KLVODWWHU
DVSHFWFRXOGOHDGWRDQDQDORJ\ZLWKWKHUHIOHFWDQFHVSHFWUDRIDKHWHURVWUXFWXUH>@ZKHUHWKHUHLVWKHFRQYROXWLRQ
RIWKHFRQWULEXWLRQVWKDWHYHU\GLIIHUHQWLQQHUVWUXFWXUHJLYHV2QWKHFRQWUDU\LQWKHQXPHULFDOUHVXOWVWKHEURDGHQLQJRI
WKHVSHFWUDLVQRWSUHVHQWWKLVFRXOGEHH[SODLQHGZLWKWKHDVVXPSWLRQRIDKRPRWKHWLFH[SDQVLRQRIWKHVSKHUHVDWHDFK
VWHSQRWWDNLQJLQWRDFFRXQWWKHSRVVLEO\DULVLQJLQKRPRJHLQLW\RIWKHVWUDLQILHOGLQWKHPDWUL[DFURVVQHLJKERULQJVSKHUHV
ERXQGDU\HIIHFWVRIWKHVXEVWUDWHLQWRWKHFU\VWDOVWKDWFRXOGOHDGWRDQRQKRPRJHQHRXVGLVSODFHPHQWVRIWKHVSKHUHVLQ
DOOGLUHFWLRQVDQGREYLRXVO\WKHDVVXPSWLRQRIDSHUIHFWVWUXFWXUHZLWKRXWDQ\GHIHFWV
7KHLVVXHVMXVWVXPPDUL]HGVXJJHVWWKDWPRUHGHWDLOHGPRGHOLQJLQWHUPVRIHQULFKLQJWKHNLQHPDWLFVDQGWKHDVVRFLDWHG
FRQVWLWXWLYHEHKDYLRUZRXOGEHUHTXLUHGIRUIXWXUHLQYHVWLJDWLRQVWKHUHE\OHDGLQJWRDPXFKPRUHFRPSOH[FRGH
2QDFRPSOHWHO\GLIIHUHQWQRWLFHIURPWKHSUDFWLFDOSRLQWRIYLHZWKHNH\DVSHFWIRU6+0LVWKHVHQVLWLYLW\RIDVWUDLQ
VHQVRU$VZHKLJKOLJKWHGLQVHFWLRQWKHVHQVLWLYLW\RIRXUGHYLFHZDVDURXQGPHSPDQGLWUHVXOWVLQJRRGDJUHHPHQW
ZLWKWKHQXPHULFDORQHZKLFKLVDURXQGPHSP:HFDQVWDWHZLWKFRQILGHQFHWKDWQRWRQO\IURPWKLVSRLQWRIYLHZ
WKHWZRV\VWHPVDUHDOPRVWWKHVDPHDQGWKHQXPHULFDOPRGHODSSUR[LPDWHVDWWKHEHVWWKHH[SHULPHQW

&21&/86,216
7KHSUHVHQWHGUHVXOWVREWDLQHGE\DQDSSUR[LPDWHOLQHDUHODVWLFPRGHOZLWKWKHIXUWKHUDSSUR[LPDWLRQRIWKHKRPRWKHWLF
H[SDQVLRQ RI WKH VSKHUHV ZLWK QR LQKRPRJHLQLWLHV RQ WKH VWUDLQ ILHOG LV DOUHDG\ LQ DJUHHPHQW ZLWK ZKDW ZH VHH
H[SHULPHQWDOO\DQGZLWKWKHDQDO\WLFDOPRGHOSUHVHQWHGLQVHFWLRQ7KHGHYLFHKDVWKHQDSUHOLPLQDU\YDOLGDWLRQIRUWKH
HQYLVLRQHGDSSOLFDWLRQV$FRPSOHWHYDOLGDWLRQRIWKHXQLWZLOOUHTXLUHDORWPRUHZRUNWRVHWXSDUREXVWXQGHUVWDQGLQJRI
WKHSHUIRUPDQFHVRIWKHSURGXFHGVHQVRUPHDQLQJVLJQLILFDQWO\UHILQLQJWKHPRGHOLQJVWUDWHJ\2YHUDOOWKHH[DPLQHG'
3KRWRQLF&U\VWDOH[KLELWVDORWRISRWHQWLDOIRUWKHHQYLVDJHGDSSOLFDWLRQVLQ&LYLODQG0HFKDQLFDO(QJLQHHULQJ

$&.12:/('*(0(176
/DUJHVFDOH VLPXODWLRQV KDYH EHHQ FRQGXFWHG RQ ,%0 %OXH*HQH4 VXSHUFRPSXWHU RI WKH 6RXWKHUQ 2QWDULR 6PDUW
&RPSXWLQJ,QQRYDWLRQ3ODWIRUP626&,3




3URFRI63,(9RO(
Downloaded From: http://proceedings.spiedigitallibrary.org/pdfaccess.ashx?url=/data/conferences/spiep/92214/ on 04/26/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx
  
5()(5(1&(6

>@ 500HDVXUHVStructural monitoring with fiber optic technology$FDGHPLF3UHVV
>@ %*OLVLF',QDXGLFiber optic method for structural health monitoring:LOH\
>@ 03R]]L'=RQWD+:X',QDXGL'HYHORSPHQWDQGODERUDWRU\YDOLGDWLRQRILQOLQHPXOWLSOH[HGORZ
FRKHUHQFHLQWHUIHURPHWULFVHQVRUVOptical Fiber Technology±
>@ '=RQWD%*OLVLF6$GULDHQVVHQV9DOXHRILQIRUPDWLRQLPSDFWRIPRQLWRULQJRQGHFLVLRQPDNLQJStructural 
Control and Health Monitoring,±
>@ &&DSSHOOR'=RQWD03R]]L5=DQGRQLQL,PSDFWRISULRUSHUFHSWLRQRQEULGJHKHDOWKGLDJQRVLVJournal of 
Civil Structural Health Monitoring±
>@ &&DSSHOOR'=RQWD%*OLVLF([SHFWHGXWLOLW\WKHRU\IRUPRQLWRULQJEDVHGGHFLVLRQPDNLQJProceedings of 
the IEEE,QSUHVV
>@ &$6FLDUHOOD2YHUYLHZRIRSWLFDOWHFKQLTXHVWKDWPHDVXUHGLVSODFHPHQWV0XUUD\OHFWXUH([S0HFK

>@ $&KLDSSLQL&$UPHOOLQL$&KLDVHUD0)HUUDUL<-HVWLQ00DWWDUHOOL00RQWDJQD(0RVHU*1XQ]L
&RQWL63HOOL*&5LJKLQL0&*RQoDOYHV50$OPHLGD'HVLJQRISKRWRQLFVWUXFWXUHVE\VRO±JHOGHULYHG
VLOLFDQDQRVSKHUHVJ. of Non-Cryst. Solids
>@ +)XGRX]L76DZDGD3KRWRQLFUXEEHUVKHHWVZLWKWXQDEOHFRORUE\HODVWLFGHIRUPDWLRQLangmuir

>@ +)XGRX]L6RIWRSDOILOPVZLWKWXQDEOHVWUXFWXUDOFRORUDQGWKHLUDSSOLFDWLRQV3URF63,(
>@ '=RQWD$&KLDSSLQL$&KLDVHUD0)HUUDUL03R]]L/%DWWLVWL0%HQHGHWWL3KRWRQLFFU\VWDOVIRU
PRQLWRULQJIDWLJXHSKHQRPHQDLQVWHHOVWUXFWXUHV3URF63,(
>@ =0:DQJ$1HRJLNanoscale Photonics and Optoelectronics6SULQJHU
>@ 50$OPHLGD63RUWDO3KRWRQLFEDQGJDSVWUXFWXUHE\VROJHOSURFHVVLQJCurr. Opin. Solid St. M.,

>@ $&KLDSSLQL$3LRWURZVND00DUFLQLDN0)HUUDUL0DQG'=RQWD'HVLJQDQGIDEULFDWLRQRI
PHFKDQRFKURPLFSKRWRQLFFU\VWDOVDVVWUDLQVHQVRU3URF63,(-
>@ $9DFFDUL$&DOj/HVLQD/&ULVWRIRUHWWL$&KLDSSLQL)3UXGHQ]DQR$%R]]ROLDQG0)HUUDUL$SDUDOOHO
FRPSXWDWLRQDO)'7'DSSURDFK WR WKHDQDO\VLVRI WKH OLJKW VFDWWHULQJ IURPDQRSDOSKRWRQLFFU\VWDO3URF63,(
3
>@ $9DFFDUL/&ULVWRIRUHWWL$&DOj/HVLQD/5DPXQQR$&KLDSSLQL)3UXGHQ]DQR$%R]]ROL/&DOOLDUL
3DUDOOHOILQLWHGLIIHUHQFHWLPHGRPDLQPRGHOLQJRIDQRSDOSKRWRQLFFU\VWDO2SWLFDO(QJLQHHULQJ

>@ $9DFFDUL$&DOj/HVLQD/&ULVWRIRUHWWL$&KLDSSLQL/&UHPD/&DOOLDUL/5DPXQQR3%HULQLDQG0
)HUUDUL/LJKWRSDOVLQWHUDFWLRQPRGHOLQJE\GLUHFWQXPHULFDOVROXWLRQRI0D[ZHOO¶VHTXDWLRQV2SWLFV([SUHVV
27739-27749
>@ 7'LQJ6.6PRXNRYDQG--%DXPEHUJ6WDPSLQJFROORLGDOSKRWRQLFFU\VWDOVDIDFLOHZD\WRZDUGVFRPSOH[
SL[HOFRORXUSDWWHUQVIRUVHQVLQJDQGGLVSOD\V1DQRVFDOH'2,FQUG
>@ 5'3UDGKDQ,,7DUKDQDQG*+:DWVRQ,PSXULW\PRGHVLQWKHRSWLFDOVWRSEDQGVRIGRSHGFROORLGDOFU\VWDOV
3K\V5HY%9RO1R
>@ <$9ODVRY91$VWUDWRY$9%DU\VKHY$$.DSO\DQVNLL2=.DULPRYDQG0)/LPRQRY0DQLIHVWDWLRQ
RILQWULQVLFGHIHFWVLQRSWLFDOSURSHUWLHVRIVHOIRUJDQL]HGRSDOSKRWRQLFFU\VWDOV3K\V5HY(YROQR
3URFRI63,(9RO(
Downloaded From: http://proceedings.spiedigitallibrary.org/pdfaccess.ashx?url=/data/conferences/spiep/92214/ on 04/26/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx
  
>@ %+DWWRQ/0LVKFKHQNR6'DYLV.+6DQGKDJHDQG-$L]HQEHUJ3URF1DWO$FDG6FL86$
>@ -=KRX-:DQJ<+XDQJ*/LX/:DQJ6&KHQ;/L':DQJ<6RQJDQG/-LDQJ13*$VLD0DWHU

>@ <+XDQJ-=KRX%6X/6KL-:DQJ6&KHQ/:DQJ-=L<6RQJDQG/-LDQJ-$P&KHP6RF

>@ +6/HH5.XEULQ5=LHUROG$<3HWURY.1LHOVFK*$6FKQHLGHUDQG0(LFK3KRWRQLFSURSHUWLHVRI
WLWDQLDLQYHUVHRSDOKHWHURVWUXFWXUHV2SWLFDO0DWHULDO([SUHVV9RO1R
>@ $&KLDSSLQL&$UPHOOLQL1%D]]DQHOOD*&5LJKLQL0)HUUDUL2SDOEDVHGSKRWRQLFFU\VWDOVKHWHURVWUXFWXUHV
2SWLFVDQG3KRWRQLF-RXUQDO
>@ '.+ZDQJ+1RK+&DRDQG53+&KDQJ3KRWRQLFEDQGJDSHQJLQHHULQJZLWKLQYHUVHRSDOPXOWLVWDFNV
RIGLIIHUHQWUHIUDFWLYHLQGH[FRQWUDVW$SSO3K\V/HWW
3URFRI63,(9RO(
Downloaded From: http://proceedings.spiedigitallibrary.org/pdfaccess.ashx?url=/data/conferences/spiep/92214/ on 04/26/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx
